Please cite this paper as:

Mohammadi M, Tahmasebi Abdar H , Mollaei HR, Hajghani H, Baneshi MR, Hayatbakhsh MM. Serotonin Transporter Gene (SLC6A4) Polymorphism and Mucosal Serotonin Levels in Southeastern Iranian Patients with Irritable Bowel Syndrome. Middle East J Dig Dis 2017;9:26-32. DOI: 10.15171/mejdd.2016.48

INTRODUCTION {#s1}
============

Irritable bowel syndrome (IBS) is a chronic disease, which mainly affects lower gastrointestinal (GI) tract and has a prevalence of approximately 10-15%. The specific characteristic of IBS is altered bowel habits with abdominal pain.^[@R1]^ Subtypes of IBS according to the Rome III criteria, are as follows; IBS with diarrhoea (IBS-D), IBS with constipation (IBS-C), and IBS with mixed symptoms (IBS-M).^[@R2]^ Although the etiology of IBS remains uncertain, some achievements have highlighted its pathophysiology. Psychosocial factors such as depression and anxiety as well as visceral hypersensitivity and dysfunction of gut motility may play major roles in the progress of IBS.^[@R1],[@R3]^

Serotonin is a neurotransmitter presenting in the GI tract, the central nervous system (CNS), blood platelets, and the pineal gland. Alternative name of serotonin is 5-hydroxytryptamine (5-HT), which can regulate the motility and mucosal secretion of the GI tract. Results of recent studies imply a link between impaired 5-HT signalling and the pathophysiology of diarrhoea and constipation in IBS.^[@R4],[@R5]^ Results of previous studies have shown that decreased and increased plasma levels of serotonin are associated with IBS-C and IBS-D, respectively.^[@R4],[@R6]^

Enterochromaffin (EC) cells are a type of enteroendocrine and neuroendocrine cells found in the epithelia lining the lumen of the digestive tract. Serotonin is secreted from EC cells; then the serotonin reuptake transporter (SERT) reuptakes serotonin back into the EC cells and reduces the influence of serotonin in the GI tracts. The balance between serotonin production and its reuptake by SERT plays an important role in maintaining gut functions. Studies have shown that a disturbance in the SERT activity impairs this balance and might affect the development of IBS.^[@R7]^ The gene that encodes the SERT is called solute carrier family 6 member 4 (SLC6A4). Previous studies have shown a polymorphism in the SERT gene SLC6A4 with 14 and 16 repeats namely a short (S) and a long (L) variation, respectively. These variations may affect SERT activity and gut function in IBS.^[@R8]-[@R10]^ Conversely, some studies have shown a negative association between SLC6A4 gene polymorphism and IBS.^[@R11],[@R12]^ The aims of the present study were to investigate the association between SLC6A4 gene polymorphism and IBS and to detect the correlation between rectal serotonin levels and IBS sub-types.

MATERIALS AND METHODS {#s2}
=====================

Study subjects {#s2-0-1}
--------------

All participants were selected from Kerman, southeastern Iran. Patients and healthy controls were unrelated and living (and born) in Kerman. Healthy controls were selected from the Kerman Blood Transfusion Centre. Informed consent was obtained from all the patients. The research was performed between 2012 and 2014 and approved by the Ethics Committee of Kerman University of Medical Sciences. The approval number was K.91.236.

A clinical history was taken by a gastroenterologist from all the patients according to the protocol of Rome III.^[@R2]^ A rectal biopsy was taken during flexible sigmoidoscopy in order to further measure the serotonin in patients with IBS. Patients with IBS were classified into IBS-D, IBS-C, and IBS-M subtypes using the Rome III criteria. A questionnaire about bowel symptoms was completed by each patient. Symptoms included dyspepsia, bloating, incomplete evacuation, gastroesophageal reflux, passage of mucus, feeling of urgency, frequency of stool, abdominal pain, constipation, and diarrhoea.

SLC6A4 genotyping {#s2-0-2}
-----------------

DNA was extracted from whole blood using a QiaAmp DNA Mini Kit (Qiagen, Valencia, Ca, USA). The forward and reverse primers for the SLC6A4 gene polymorphism were 5'-CGTTGCCGCTCTGAATGC- 3' and 5'-GAGGGACTGAGCTGGACAACCAC-3', respectively. The real-time PCR HRM-based method was employed to detect SLC6A4 gene polymorphism. The assay was performed using HRM Evagreen 5X Ampliqon master mix (Ampliqon, Hot FIREPol HRM Mix, No ROX) in a Rotor Gene 6000 instrument (Corbett Research). Steps of PCR were as follows; 1: holding at 50°C for 2 minutes, 2: initial denaturation at 95°C for 10 minutes, continued by 40 cycles of the following steps; 3:denaturation at 95°C for 20 seconds, 4: annealing at 65°C for 20 seconds, and 5: extension at 72°C for 20 seconds. Means of Tm for ll, ls, and ss genotypes were 88.2°C, 84.5°C, and 83°C, respectively.

Measurement of serotonin level in rectal biopsy {#s2-0-3}
-----------------------------------------------

A rectal biopsy sample was taken by a gastroenterologist during the colonoscopy of each patient with IBS and used to measure serotonin levels. The specimens were archived at -80°C until thawed and homogenized at 4°C in 200 µL PBS (PH 7.2-7.4) by homogenizer. The homogenates were centrifuged for 10 minutes at 10,000 g. The temperature during the centrifugation was 4°C. Serotonin levels were measured employing ELISA kit (IBL International GmbH Hamburg, Germany) according to the manufacturer's guidelines.

Statistical analysis {#s2-0-4}
--------------------

The genotype and allelotype frequency deviations from the Hardy-Weinberg equilibrium were analysed for all the individuals. Statistical analyses such as logistic regression, independent t, Chi-square, and ANOVA tests were performed using the SPSS software version 17.0. Probability (P) values less than 0.05 were assumed as statistically significant.

RESULTS {#s3}
=======

Study population {#s3-0-1}
----------------

Three hundred and forty-two subjects including 211 sex- and age-matched healthy controls (105 women and 106 men, mean age: 36.58±11.85 years) from the Kerman blood centre and 131 patients (63 women and 68 men, mean age: 37.4±12.58 years) with IBS were enrolled in the current study. Of the 131 patients with IBS, 70 (53.4%), 18 (13.7%), and 43 (32.8%) patients had IBS-D, IBS-C, and IBS-M, respectively. The demographic and clinical data of the patients are outlined in [table 1](#T1){ref-type="table"}.

###### Demographic and clinical characteristics of the patients with irritable bowel syndrome

  -------------------------------- ------------------
  **Parameters**                   **IBS (n= 131)**
  **Age**                          
  (years, mean ± SD)               37.4±12.58
  **Sex**                          
  Male                             68
  Female                           63
  **IBS sub-types**                
  IBS-D n (%)                      70 (53.4%)
  IBS-C n (%)                      18 (13.7%)
  IBS-M n (%)                      43 (32.8%)
  **Symptoms**                     
  dyspepsia                        4 (3.1%)
  Bloating                         110 (83.96%)
  Feeling of incompletevacuation   53 (40.5%)
  Urgency to pass stool            29 (22.1%)
  Passage of mucus                 34 (26.0%)
  Abdominal pain                   131 (100%)
  -------------------------------- ------------------

IBS: irritable bowel syndrome, HC: healthy controls, IBS-D: IBS with diarrhea, IBS-C: IBS with constipation, IBS-M: IBS with mixed symptoms

Association between SLC6A4 polymorphism and IBS {#s3-0-2}
-----------------------------------------------

The genotype and allelotype frequencies of SLC6A4 gene polymorphism for all individuals are summarized in [table 2](#T2){ref-type="table"}. Genotype distributions in the patients and controls, were in Hardy Weinberg equilibrium. In the patients, the genotype frequencies were 29% l/l, 48.1% l/s, and 22.9% s/s whereas in controls, these values were 33.2% l/l, 49.8% l/s, and 17.1% s/s ([table 2](#T2){ref-type="table"}). Results of logistic regression revealed that healthy controls, compared with the patients with IBS were 22% more likely to have I/I genotype. Corresponding figure for having I/S was 6%. On the other hand, healthy controls were 30% less likely to have S/S genotype. None of these differences were statistically significant.

###### Distribution of SLC6A4 gene polymorphism in healthy controls and patients with irritable bowel syndrome

  --------------------- -------------------------------- -------------- ------------------- --------------------
  **SLC6A4 Genotype**   **Patients with IBS (n=131)**\   **HC**\        ***p*** **value**   **OR (95% Cl)**
                        **\# (%)**                       **(n=211)**\                       
                                                         **\# (%)**                         

  **l/l**               38 (29)                          70 (33.2)      0.473               1.22 (0.760-1.96)

  **l/s**               63 (48.1)                        105 (49.8)     0.824               1.063 (0.686-1.64)

  **s/s**               30(22.9)                         36(17.1)       0.205               0.694(0.403-1.19)
  --------------------- -------------------------------- -------------- ------------------- --------------------

IBS: irritable bowel syndrome; HC: healthy controls; SLC6A4: solute carrier family 6 member 4; s/s, l/s and l/l: three different types of genotypes as deletion/deletion, insertion/deletion and insertion/insertion respectively. Statistical analysis was performed by logistic regression.

There were no significant differences in the genotype of the SLC6A4 polymorphism between the patients with IBS and healthy controls. The frequency of s/s and l/s genotypes was significantly higher in IBS-C than in the healthy controls (*p*=0.032). There was no significant difference in genotype frequencies among the IBS sub-types when compared with each other ([table 3](#T3){ref-type="table"}).

###### Comparison of the frequencies of SLC6A4 genotypes in patients with IBS sub-types and healthy controls

  ------------------- ------------ ------------ ------------- -------------
  **SLC6A4**\         **IBS-D**\   **IBS-C**\   **IBS-M**\    **HC**\
  **Genotype**        **n=70**     **n=18**     **n=43**      **n=211**

  **l/l**             (35.7%) 25   (5.6%) 1     (27.9%) 12    (33.2%) 70

  **s/s**             (17.1%) 12   (33.3%) 6    (27.9%) 12    (17.1%) 36

  **l/s**             (47.1%) 33   (61.1%) 11   (44.2%) 19    (49.8%) 105

  ***p*** **value**   0.917\*      0.032\*\*    0.383\*\*\*   
  ------------------- ------------ ------------ ------------- -------------

IBS: irritable bowel syndrome, IBS-D: IBS with diarrhea, IBS-C: IBS with constipation, IBS-M: IBS with mixed symptoms, HC: healthy controls, SLC6A4: solute carrier family 6 member 4, s/s, l/s and l/l: three different types of genotypes as deletion/deletion, insertion/deletion, and insertion/insertion respectively.

Statistical analysis was performed by Chi-square test.

\*: comparison between frequency of SLC6A4 genotypes in patients with IBS-D and HC;

\*\*: comparison between frequency of SLC6A4 genotypes in patients with IBS-C and HC;

\*\*\*: comparison between frequency of SLC6A4 genotypes in patients with IBS-M and HC

However, there was a significant association between allelotype and subtypes of IBS (*p*=0.036). In particular, the frequency of s allele was higher in IBS-C than either IBS-D or IBS-M (p=0.001, [table 4](#T4){ref-type="table"}). The frequency of l allele was lower in patients with IBS-C (*p*\<0.001).

###### Comparison of the frequencies of SLC6A4 allelotypes in patients with IBS sub-types

  ---------------- ------------ ------------ ------------ -----------
  **SLC6A4**\      **IBS-D**\   **IBS-C**\   **IBS-M**\   **HC**\
  **Allelotype**   **n=70**     **n=18**     **n=43**     **n=211**

  **s allele**     (40.7%)57    (63.9%)23    (50%)43      0.036

  **l allele**     (59.3%)83    (36.1%)13    (50%)43      
  ---------------- ------------ ------------ ------------ -----------

IBS: irritable bowel syndrome, IBS-D: IBS with diarrhea, IBS-C: IBS with constipation, IBS-M: IBS with mixed symptoms, HC: healthy controls, SLC6A4: solute carrier family 6 member 4, the s and the l are different types of alleles and representatives of the deletion and the insertion, respectively. Statistical analysis was performed by Chi-square test.

Additionally, when the frequencies of SLC6A4 allelotype of the healthy controls and the IBS sub-types were compared, a significant difference, with regard to s allele, was seen between IBS-C and HC groups (63.9% versus 41.9%, *p*=0.011, [table 5](#T5){ref-type="table"}).

###### Comparison of the frequencies of SLC6A4 allelotypes in healthy controls and the patients with IBS sub-types

  -------------------- ------------ ------------ ------------ -------------
  **Allele**           **IBS-D**\   **IBS-C**\   **IBS-M**\   **HC**\
                       **n=70**     **n=18**     **n=43**     **n=211**

  **s allele**         (40.7%) 57   (63.9%) 23   (50%)43      (41.9%) 177

  **l allele**         (59.3%) 83   (36.1%) 13   (50%)43      (58.1%) 245

  ***p*** **-value**   0.07\*       0.011\*\*    0.17\*\*\*   
  -------------------- ------------ ------------ ------------ -------------

IBS: irritable bowel syndrome, IBS-D: IBS with diarrhea, IBS-C: IBS with constipation, IBS-M: IBS with mixed symptoms, HC: healthy controls, SLC6A4: solute carrier family 6 member 4, the s and the l are different types of alleles and representative of the deletion and the insertion, respectively. Statistical analysis was performed by Chi-square test.

\*: comparison between the frequency of SLC6A4 allelotypes in patients with IBS-D and HC;

\*\*: comparison between frequency of SLC6A4 allelotypes in patients with IBS-C and HC;

\*\*\*: comparison between frequency of SLC6A4 allelotypes in patients with IBS-M and HC

Relationship between rectal serotonin levels and IBS subtypes {#s3-0-3}
-------------------------------------------------------------

The serotonin levels in the rectal biopsies of patients with IBS-D, IBS-C, and IBS-M was 8.43±1.32, 9.94±2.63, and 8.85±1.6 pg/mL, respectively with no significant difference among IBS sub-types . Moreover, there was no significant relationship between the serotonin levels in rectal biopsies of the patients with IBS and their SLC6A4 genotypes. ANOVA was used for statistical analysis of this data.

Association between serotonin levels and SLC6A4 genotypes and IBS symptoms {#s3-0-4}
--------------------------------------------------------------------------

There were no differences in rectal serotonin levels and frequency of SLC6A4 genotypes among patients with IBS reporting dyspepsia, bloating, feelings of urgency, incomplete evacuation, frequency of stool, and abdominal pain (data not shown). ANOVA was used for finding an association between serotonin levels and IBS symptoms. Additionally, Chi-square test was employed for finding an association between SLC6A4 genotypes and IBS symptoms.

DISCUSSION {#s4}
==========

Serotonin plays an important role in the GI tract. Impairment in SERT may be correlated with IBS symptoms. In the present study, no significant difference was found in rectal serotonin levels among IBS sub-types. Kumar and colleagues,^[@R13]^ reported higher levels of serotonin in the rectal mucosa of patients with IBS-D. Houghton and co-workers,^[@R6]^ showed that an exacerbation of postprandial symptoms in patients with IBS-D was correlated with higher plasma levels of serotonin. Faure and colleagues,^[@R14]^ reported that serotonin in the rectal mucosa was significantly higher in pediatric patients with IBS than in controls. Coates and co-workers,^[@R15]^ reported a lack of difference in the plasma serotonin levels between patients with IBS and controls and also among IBS sub-types.

According to the results of several studies, functional gene polymorphisms in SERT can be employed as a useful genetic marker for diagnosis of IBS sub-types.^[@R16]-[@R18]^Controversies regarding the association between SERT gene polymorphism, SLC6A4, and IBS have been reported in different populations. In the current study of a population in southeastern Iran, there were no significant differences in the SLC6A4 genotype frequencies between the patients with IBS and healthy controls. This lack of association between the SLC6A4 gene polymorphism and IBS is in agreement with earlier studies from Korea, Turkey, the USA, England, and a population from southwestern Iran.^[@R19]-[@R25]^ The results of a meta-analysis conducted in 2007, which included 1034 patients with IBS and 1377 healthy controls showed a lack of association between the SLC6A4 gene polymorphism and IBS.^[@R26]^ Additionally, the results of a recent meta-analysis performed in 2014, which included a total of 25 articles about 3443 patients with IBS and 3359 healthy controls did not conclude that there was a significant association between the SLC6A4 gene polymorphism and IBS.^[@R12]^

Several reports have shown an association between the SERT gene polymorphism, SLC6A4, and different IBS sub-types. Some reports have demonstrated an association between the ss genotype of the SERT gene polymorphism and IBS-D, but the results of the current study are inconsistent with those findings. Significant associations were observed between the ss genotype and IBS-D in Indians, Koreans, white Americans, Chinese, and Turks.^[@R9],[@R13],[@R27]-[@R29]^ The results of the present study showed the ss and ls genotypes to be specifically associated with IBS-C compared with healthy controls, which is partially in agreement with a study on northern Indians by Sikander and co-workers,^[@R30]^ who reported an association between the ss genotype and IBS-C. However, two reports from China, and one recent meta-analysis have demonstrated an association between the ll genotype and an increased risk of IBS-C, which is not in concordance with the current findings.^[@R26],[@R29],[@R30]^ Moreover, in the present study, an association at the allelic level between the inheritance of s or l alleles and IBS was not found, but a significant association was observed between the s allele and IBS-C as compared with IBS-D and IBS-M. In a population from southwestern Iran, Farjadian and colleagues,^[@R25]^ reported that the frequency of s allele was higher than l allele in IBS-C, but the difference was not statistically significant. Conversely, Kumar and co-workers,^[@R13]^ reported a significant association between the s allele and a higher risk of IBS, which is not in agreement with the current findings.

In the present study, no association was found between the rectal serotonin level and the SLC6A4 gene polymorphism in patients with IBS. Furthermore, no difference in rectal serotonin levels among IBS sub-types was detected. Kumar and colleagues,^[@R13]^ however demonstrated a significant association between the SLC6A4 gene polymorphism and the mucosal serotonin level in the rectal biopsies of IBS patients mainly in IBS-D. Moreover, they demonstrated significant serotonin levels in the rectal mucosal of patients with IBS who had frequent stools and more abdominal pain, which is not similar to the current results.

The inconsistencies between our results and those published by others might be due to the genetic variations among different populations, the influence of other known/unknown polymorphisms on the disease, environmental interactions, the uncertainty in the diagnosis of IBS, differences in sampling from colon versus rectum or plasma, differences in assays employed to measure serotonin in the samples, or even the disparity in the number of samples in different studies.

In conclusion, the ss and the sl genotype and also the s allelotype of the SLC6A4 was associated with IBS-C in our population. The serotonin levels in the rectal biopsies of the patients with IBS were not associated with the SLC6A4 genotype and IBS sub-types. It is suggested that the relationship between other polymorphisms in the SERT gene and IBS be investigated. Moreover, detecting serotonin levels in other samples such as plasma or serum and comparing them with samples from the rectum in patients with IBS is highly recommended for future studies.
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